Background: A growing body of evidence suggests that psychological stress contributes to coronary artery disease. However, associations between stress and stroke are less clear. In this study, we investigated the possible association between ischemic stroke and self-perceived psychological stress, as measured by a single-item questionnaire, previously reported to be associated with myocardial infarction.
Background
A growing body of evidence suggests that psychosocial factors including psychological stress contribute to cardiovascular disease [1] . With respect to coronary artery disease, association with several constructs representing various concepts of psychological stress have been reported from epidemiological studies [2] [3] [4] [5] [6] [7] [8] . In the INTERHEART study [6] , a large case-control study with participants from 52 countries, the subjective perception of psychological stress was measured using a semiquantitative single item question. Interestingly, this simple measure showed a strong correlation to other constructs measuring various aspects of stress, including financial stress, stressful life events, and locus of control [6] . Moreover, an independent association to myocardial infarction was found that was consistent across regions and ethnic groups [6] .
Although psychological stress is commonly perceived as a risk factor for stroke among the lay public [9, 10] , scientific data on stress as a risk factor for stroke are limited. A few prospective and case-control studies have reported severe self-perceived psychological stress, various stressful life events, and failure to find successful strategies in stressful situations to be independently associated with an increased risk of stroke [11] [12] [13] [14] [15] [16] . Other studies measuring perceived psychological stress, psychological distress, or recent stressful life events did not detect any significant association with non-fatal or total stroke [17] [18] [19] [20] . However, in three of these latter studies, subgroup analyses revealed a significant association with fatal stroke [18] [19] [20] , suggesting an association confined to severe cases or nonsurvival. An association between severe self-perceived stress and stroke mortality has also been reported from a large Japanese study [4] . In this study the association was confined to women, whereas another study found an association only in men [20] .
Because there is considerable pathological heterogeneity in stroke, different endpoints under study (for example, stroke mortality, total stroke, non-hemorrhagic stroke) may contribute to the heterogeneous findings. Many studies did not differentiate between ischemic and hemorrhagic stroke [12, 13, 19, 20] , and no study characterized ischemic stroke subtypes. However, differences between ischemic stroke subtypes have been reported from a small case-control study measuring type A behavior [21] . In this study, a high tenseness score was associated with ischemic stroke due to large vessel disease (LVD), but not with ischemic stroke due to small vessel disease (SVD).
Using data collected in the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS) [22] , a case-control study including ischemic stroke patients with careful phenotyping pertaining to stroke subtypes, we investigated self-perceived psychological as measured by the single-item previously reported to be associated with myocardial infarction in INTERHEART [6] , in relation to ischemic stroke, the four major stroke subtypes, and functional outcome after 3 months.
Methods

Study population
The study population includes the participants in the SAHLSIS cohort, which has been described elsewhere [22] . In short, Caucasian patients presenting with acute ischemic stroke before the age of 70 years were consecutively recruited from four stroke units in Western Sweden. Patients were recruited regardless of previous cardiovascular or cerebrovascular disease. Of 645 eligible stroke patients, 29 were unwilling to participate and 16 died before the patient or a next of kin could give detailed informed consent.
For each case, one Caucasian control without clinical atherothrombotic disease, matched for age (± 1 year), sex, and geographical residence area was randomly selected from the population. If a selected control did not respond, refused to participate or was ineligible because of prior cardiovascular disease, a second and then a third matched control was invited. Of the 1,107 selected controls, 208 did not respond, 191 were unwilling to participate, and 108 were excluded because of a history of stroke, coronary or peripheral artery disease, or signs of ischemic heart disease on resting electrocardiogram (ECG) according to the Minnesota code (1982).
The study was approved by the Ethics Committee of Göte-borg University, Sweden. All participants gave their written informed consent. Next of kin consented for those participants who were unable to communicate.
Stroke subtyping
All patients were examined by a physician trained in stroke medicine, both during the acute stage and at a follow-up visit after 3 months. All patients underwent an ECG and neuroimaging with computed tomography (CT) and/or magnetic resonance imaging (MRI) during the acute stage. Additional diagnostic analysis was performed when clinically indicated as described previously [22] . Neurological deficits were assessed according to the Scandinavian Stroke Scale. Patients included at Sahlgrenska University Hospital from March 1999 to December 2003 (n = 328) were assessed with respect to visuospatial neglect as previously described [23, 24] . Stroke subtype was assessed according to modified Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria [22, 25] . The analysis by subtypes was confined to the four major subtypes: LVD, SVD, cardioembolic (CE), and cryptogenic stroke. Cryptogenic stroke was defined when no cause was identified despite an extensive evaluation. Stroke outcome was evaluated after 3 months using the modified Rankin scale (mRS, score 0 to 6). The score was dichotomized for death or dependency (score of 3 to 6) versus a favorable outcome (score of 0 to 2).
Data collection and risk factor definition
Self-perceived psychological stress during the previous years was assessed with a single-item questionnaire that has been used in epidemiological studies in Göteborg, Sweden since 1970 [2, 11] and in the INTERHEART study [6] . In this questionnaire stress is described as feeling tense, irritable, anxious, or as having sleeping difficulties as a result of conditions at home or at work. Participants were asked to report how often they had felt stress, using the following incremental or graded response options: (1) never, (2) at some period, (3) at some period during the last 5 years, (4) at several periods during the last 5 years, (5) permanent stress during the last year, or (6) permanent stress during the last 5 years. Patients responded to the question 1 to 10 days after the acute event and controls at the time of their examination. Permanent, but not periodic, stress as assessed with this measure, has previously been found to predict myocardial infarction and overall stroke in prospective studies [2, 11] . Accordingly, in the present multivariable regression analyses and in subtype analysis, this variable was dichotomized so that subjects reporting permanent self-perceived psychological stress for ≥1 year formed one category (score 5 to 6) and all the others formed the reference category (score 1 to 4). Information on self-perceived psychological stress was missing in 7 controls and 34 cases. Among these 34 cases, 3 could not complete the questionnaire due to intervening death, 10 due to unconsciousness/disorientation or severe aphasia, and 21 due to unwillingness to answer the question. Thus, 566 cases and 593 controls were included in the present analysis.
Information on other vascular risk factors was collected and defined as previously described [22] . In short, examinations were performed during the acute stage and at a follow-up visit after 3 months. Controls were examined once. Hypertension was defined as pharmacological treatment for hypertension, and/or systolic blood pressure ≥160 mm Hg, and/or diastolic blood pressure ≥90 mm Hg. Diabetes was defined by diet or pharmacological treatment, fasting plasma glucose ≥7.0 mmol/l, or fasting blood glucose ≥6.1 mmol/l. Hyperlipidemia was defined by pharmacological treatment, total fasting serum cholesterol >5.0 mmol/l, and/or low-density lipoprotein (LDL) >3.0 mmol/l. Waist and hip circumferences were measured using flexible measuring tape at the level of the umbilicus, and at the level of the bilateral greater trochanters, respectively. Waist to hip ratio (WHR) was defined as waist divided by hip circumference. Among cases, anthropometric measurements performed during the acute phase were used for calculation of WHR, whereas 3-month follow-up measures were used to define hypertension, diabetes and hyperlipidemia. Smoking history was coded as current versus never or former (smoking cessation at least 1 year before inclusion in the study). Leisure time physical activity before stroke was dichotomized as sedentary versus regular, moderate physical activity of at least 4 h/week. A positive family history of stroke was defined as history of stroke in a first-degree relative. Socioeconomic status was classified according to the occupation-based Swedish socioeconomic classification system. The score was dichotomized with employed and selfemployed professionals, higher civil servants, executives, and intermediate non-manual employees forming one category (corresponding to higher education) and assistant non-manual employees and manual workers forming a second category (corresponding to lower education).
Statistical methods
Descriptive statistics are presented as frequencies or mean values and standard deviations (SD). Differences between groups were examined with the χ 2 test for proportions and with Student t test for continuous variables. Multivariate odds ratios (ORs) and 95% confidence intervals (CIs) for self-perceived psychological stress were calculated using conditional logistic regression analysis. The multivariable model included age, hypertension, smoking status, diabetes, hyperlipidemia, WHR, family history of stroke, selfperceived psychological stress, leisure time physical activity, and occupational class. ORs were calculated for overall ischemic stroke and for the four major subtypes. Each subtype was compared with the whole control group, and unconditional logistic regression analysis was therefore applied for calculation of ORs among subtypes. ORs for death or dependency (defined as mRS 3 to 6) 3 months after stroke were calculated in cases, using binary logistic regression. This model included age, sex, hypertension, smoking status, diabetes, hyperlipidemia, WHR, family history of stroke, self-perceived psychological stress, leisure time physical activity, occupational class, and stroke subtype. Data were analyzed using SPSS V. 12.0 (SPSS, Chicago, IL, USA). Results were considered significant at P < 0.05 using two-tailed tests.
Missing values
Information about diabetes was missing in 2 participants, hypertension in 7, hyperlipidemia in 46, WHR in 45, leisure time physical activity in 33, family history of stroke in 31, and occupational class in 31. In 29 patients information about 3-month outcome was missing. In the multivariable logistic regression, missing values for continuous variables were replaced by mean values, and for categorized variables observations with missing values were excluded.
Results
The mean age of cases and controls was 56.3 (18 to 69) years and 64% were males. The distribution of stroke subtypes was as follows: LVD (n = 70, 12%); SVD (n = 120, 21%); CE (n = 90, 16%); cryptogenic stroke (n = 154, 27%); other determined etiology (n = 48, 8%); and undetermined stroke (n = 84, 15%). Crude ORs of overall ischemic stroke for the different categories of self-perceived psychological stress are shown in Table 1 . No association between ischemic stroke and periods of selfreported stress was detected. In contrast, permanent stress during the last year or longer showed significant association to an increased risk of ischemic stroke.
Risk factor profiles according to the dichotomized categories of self-perceived psychological stress are given in Table 2 . Subjects reporting permanent psychological stress were younger, more often female, more frequently smokers, and were also less active during leisure time as compared with subjects reporting no or periods of psychological stress. After adjustment for age and gender in a binary logistic regression model, significant associations between permanent self-perceived psychological stress and hypertension (P < 0.01), diabetes (P < 0.05), WHR (P < 0.01), and low physical activity (P < 0.001) were found. Smoking, hyperlipidemia, occupational class, and family history of stroke did not show any significant association to permanent self-perceived stress after adjustment (data not shown).
The results of the conditional univariate and multivariate logistic regression analyses with ischemic stroke as outcome variable are given in Table 3 . Permanent self-perceived stress during the last year or longer showed an independent association to an increased risk of overall ischemic stroke. Similar associations were seen in men and women (adjusted OR 3.76, 95% CI 1.58 to 8.93 and 3.28, 95% CI 1.65 to 6.52 for women and men, respectively), and in participants under or above the median age of 58.8 years (OR 3.71, 95% CI 1.76 to 7.81 and OR 3.89, 95% CI 1.70 to 8.86, for under and above the median age, respectively).
Patients were consecutively recruited regardless of previous cardiovascular or cerebrovascular disease. After exclusion of patients with previous atherothrombotic disease (n = 184), the independent association between selfreported stress and ischemic stroke persisted (adjusted OR 3.50, 95% CI 2.29 to 5.34, data not shown).
Subgroup analysis showed that the association between self-perceived permanent stress and ischemic stroke was present regardless of the affected hemisphere, presence of aphasia, and visuospatial neglect. Multivariate ORs were 3.13, 95% CI 1.90 to 5.16 and 3.47, 95% CI 2.01 to 5.99 for left (n = 260) and right (n = 203) hemispheric lesions, respectively, 3.21, 95% CI 1.71 to 6.03, and 2.84, 95% CI 1.81 to 4.47 for patients with (n = 122) and without (n = 396) aphasia, respectively, and 4.80, 95% CI 2.32 to 9.99 and 3.42, 95% CI 2.13 to 5.49 for patients with (n = 82) and without (n = 246) visuospatial neglect, respectively (data not shown).
Univariate analysis by ischemic stroke subtypes showed that permanent self-perceived psychological stress during the last year or longer was associated with increased risk for all ischemic stroke subtypes. After adjustment for other vascular risk factors, the association persisted for LVD, SVD, and cryptogenic stroke, but not for CE stroke (Table 4) .
As previously reported by SAHLSIS, functional outcome after 3 months was dependent on stroke subtype [22] . Stroke subtype was therefore entered into the multivariable model examining the influence of permanent self-perceived psychological stress on outcome. No association between stress and outcome was observed (OR of death or dependency for permanent self-perceived psychological stress 1.37, 95% CI 0.79 to 2.37).
Discussion
In the present study, we found an independent association between acute ischemic stroke and self-perceived psychological stress as measured by a single-item questionnaire previously reported to be associated with myocardial infarction [6] . We also found that the independent association differed by ischemic stroke subtype. In contrast, no association between self-perceived stress and functional outcome after 3 months was observed.
Our results from the present case-control study are supported by results from a prospective study of middle-aged men using the same questionnaire for assessment of selfreported psychological stress [11] . In that study, subjects, whom at baseline reported permanent stress during the last 5 years, had an increased risk of stroke after 12 years of follow-up. However, in that study it was not altogether possible to distinguish between ischemic and hemorrhagic stroke, and the strongest association was found among unspecified cases. Thus, our result supports an independent association between self-perceived stress and ischemic stroke in men. In addition, we found a similar association in women.
Ischemic stroke is a heterogeneous disease, and subgroup analysis with respect to etiological stroke subtypes was therefore performed. Interestingly, we found differences between subtypes with an independent association between permanent self-perceived stress for LVD, SVD, and cryptogenic stroke, but not for CE stroke. To the best of our knowledge, this is the first study investigating the influence of self-perceived stress in different ischemic stroke subtypes. Differences in type A behavior between stroke subtypes have been reported from a small Korean case-control study [21] . In this study, an independent association to a high tenseness score of type A behavior was only found for LVD. However, the sample size was too small to investigate CE and undetermined stroke. In contrast to the present results, no significant association was observed for SVD. Obviously, qualitative differences between type A behavior and self-perceived stress may explain the conflicting results. Other potential explanations include ethnic differences and a small sample size in the study by Kim et al. However, taken together, these results indicate a differential influence of psychological stress on ischemic stroke subtypes, and emphasize the Differences between groups were examined with the χ 2 test for proportions and with the Student t test for continuous variables. SD = standard deviation; WHR = waist to hip ratio. .43)** **P < 0.01; ***P < 0.001; a conditional logistic regression with age, self-perceived psychological stress, hypertension, smoking status, diabetes, hyperlipidemia, occupation, leisure time physical activity, WHR, and family history of stroke included in the model; b permanent self-perceived stress during the last year or longer; c regular, moderate physical activity of at least 4 h/week. SD = standard deviation; WHR = waist to hip ratio.
importance of considering subtypes in future prospective studies of psychological stress in stroke.
No association between self-perceived stress and functional outcome after 3 months was found. However, because patients with severe deficits in the acute stage were unable to give information on perception of psychological stress (n = 13), a selection type of bias underestimating a possible association between psychological stress and short-term outcome cannot be excluded.
Consistent with previous prospective studies using the same measure for self-perceived stress, we found an association for permanent but not periodic stress [2, 11] . In line with this, it was recently reported from a large prospective study that ability to adapt to social adversity, rather than social adversity itself, was associated with stroke incidence [26] . Faster adaptation to adverse event exposure, measured as a strong sense of coherence, was associated with a reduced incidence of stroke. It can be speculated that a reduced capacity to for adaptation to social adversity may increase the susceptibility for perceived permanent stress. Moreover, as permanent stress may induce other biological responses as compared to periodic stress [27] , the non-graded association is biologically plausible.
In the present study, we used a single-item questionnaire in which stress was described in psychological terms, such as feeling tense, irritable, anxious, or as having sleeping difficulties. It may be argued that this measure is too crude. However, one advantage of this measurement is that it has been shown to predict overall stroke as well as myocardial infarction in prospective studies [2, 11] . It has also been shown to correlate with other constructs representing psychological stress including financial stress, stressful life events and locus of control [6] . Taken together, these results indicate a validity of the single-item question in investigations of cardiovascular risk.
However, the measure also has some obvious limitations. Each participant may interpret the questionnaire as a consequence of their own experience, and some may have confirmed the presence of psychological symptoms, such as feeling tense, irritable, anxious, or as having sleeping difficulties rather than stress. Therefore, the association between our measure of self-perceived psychological stress and ischemic stroke may be confounded by other forms of psychological distress and emotional reactions, including depression [28, 29] , anxiety or sleep difficulties. Moreover, as the questionnaire is a combined measure of exposure, ability to cope with, and report psychological stress, it does not give insight into subcomponents of psychological stress.
Because of the case-control design and retrospective assessment of stress, the association between psychological stress and ischemic stroke should be interpreted with caution. Patients who might believe their condition to be stress-induced may have introduced a recall bias. In addition, controls who refused to take part in the study may have had higher stress levels, potentially inflating differences between cases and controls. Consequently, it is inevitable that with the present design the association between self-perceived stress and stroke may be overestimated. Indeed, the association was stronger than that earlier reported from a prospective study using the same measure [11] . By contrast, exclusion of patients with large left hemisphere lesions due to aphasia and inability to answer to the questionnaire may potentially have introduced a bias towards an underestimation of the association, particularly since patients with large lesions in the right hemisphere and potential anosognosia were not excluded. However, the number of patients excluded due to aphasia was small (n = 8), and a major influence on our result from this kind of bias is therefore less likely. Selection and recall bias are also less likely to explain differences between subtypes.
The mechanisms by which permanent psychological stress may influence stroke risk are complex. Stress may be related to behaviors associated with an increased susceptibility for stroke, such as smoking, physical inactivity, and socioeconomic status [19] . Moreover, frequent or persistent activation of the sympathetic nervous system and the hypothalamic-pituitary-adrenal axis may also lead to hypertension and/or metabolic disturbances [27, 30] . Indeed, in the present study, subjects reporting permanent self-perceived psychological stress displayed a more adverse risk factor profile as compared with subjects reporting no or periodic stress. However, the association between permanent self-perceived psychological stress and overall ischemic stroke, LVD, SVD, and cryptogenic stroke persisted after adjustment for these possible confounders, suggesting that there may also be a link independent of traditional vascular risk factors. These pathways may include direct effects of psychological stress on endothelial function [31] , inflammation [32] , atherosclerosis [33] , and hemostasis [34] .
The multivariate OR for ischemic stroke in subjects experiencing permanent psychological stress was as high as threefold. However, apart from the influence of recall bias and selection of controls mentioned earlier, the association may also be confounded by some other factor not controlled for in the multivariable model. Furthermore, cognitive impairment and previous cerebrovascular disease may influence coping abilities and perception of stress. As patients were included regardless of previous coronary and cerebrovascular events, we performed an analysis restricted to cases without previous clinical atherothrombotic disease. In this analysis the independent association between self-perceived psychological stress and ischemic stroke remained unchanged. Therefore, we believe it unlikely that inclusion of patients with previous stroke or cardiovascular diseases have had any major influence on our results. However, we cannot control for the potential confounding effect of preceding silent cerebrovascular disease without apparent clinical manifestations.
Conclusion
Results from the present case-control study suggest an independent association between permanent self-perceived stress and ischemic stroke. A novel finding was that this association differed by ischemic stroke subtype. While the association was present in LVD, SVD, and cryptogenic stroke, it was not observed for CE stroke. However, because of the case-control design and retrospective assessment of stress, our observations should be interpreted with caution. Further prospective studies addressing the potential role for psychological stress as a risk factor for ischemic stroke are needed. In such studies ischemic stroke subtypes should be taken into consideration. Furthermore, to give insight as to which subcomponents of perceived stress that are of importance, more elaborate measures of psychological stress are suggested.
